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1. INTRODUCTION
On September 3, 1999 Illinois Environmental Protection Agency's (IL EPA) Site Assessment
Program was tasked by the United States Environmental Protectic‘)n Agency (USEPA) to conduct
 a CERCLA Expanded Site Inspection in the Illinois and Michigan Canal (I & M Canal) in the
Joliet area in Illinois. This investigation was conducted because previous sampling in the canal

showed high levels of sediment contamination.

In October of 1999, the IL EPA's Site Assessment Program prepared and submitted a work plan
for the I & M Canal to the Region V offices of the USEPA. The sampling portion of the
Expanded Site Inspection was conducted on November 8 and 9, 1999 when the sampling team

collected a total of fwenty sediment samples from the canal.

2. SITE BACKGROUND

2.1 SITE DESCRIPTION AND HISTORY

The Illinois and Michigan Canal (I & M Canal) was c;)nsh'ucted by the State of Illinois in the
mid-1800s to link Lake Michigan to the Illinois River and eventually to the Mississippi River for
navigational purposes. Construction of the canal started in 1836 and was completed in 1848.
The route of the canal generally followed that of the DesPlaines River in its eastern portion and
the Illinois River in its western portion. Tht; canal extended from the Seuth Branch .of the |
Chicago River in Chicago to the Iblint;is River at LaSalle Peru. The original canal cross section
was designed with a 36-foot bottom width, a 60-foot water-line width and a 6-foot depth.

Navigation in the canal eventually declined and finally was terminated in 1933 after the opening



of the Chicago Sanitary & Ship Canal and the construction of a series of locks and dams on the

Illinois River in the early 1900s.

In 1984, the federal government desighated the I & M Canal as a National Heritage Corridor
because of its historical significance and strong local interest in preserving, rehabilitating and
‘restoring it. The State of Illinois now manages the canal as a historical and recreaﬁonal corridor.
Local groups and the state wént to maintain some flowing water in the canal for recreation
purposes and to improve the aesthetics of the canal. However, the canal has not been maintained

for a very long time and in some places it has been almost completely filled in with sediment.

The portion of the canal which was investigated by the Illinois EPA in November, 1999 runs
roughly from the City of Lemont south to where the canal entérs the Des Plaines River in the
City of Joliet (see Figure 1). The Canal in these areas varies greatly in width and depth of water,
with some areas being almost completely filled in with a thick layer of sediment. Based on
observations made during the sampling event and the analytical results, much of this sediment
appears to be heavily contaminated with an oily product with high levels of metals, volatiles and

semi-volatiles.

In September of 1997 sediment sampling was conducted in the I & M Canal as part' of an
investigation of the former US Steel Plant located in Joliet, Illinois. This sampling showed that

large areas of the I & M Canal were severely contaminated with metals and semi-volatiles. No



sampling was conducted during this event for volatiles or pesﬁcides. Although this sarhpling
showed that the canal was contaminated, it did not show the extent of contamination or show
potential sources of the contamination. The purpose of the 1999 sampling event was to more
gdequately determine this information. Information on both the 1997 and 1999 sampling events

is integrated into this report.

3. EXPANDED SITE INSPECTION ACTIVITIES AND ANALYTICAL RESULTS

3.1 INTRODUCTION

This section outlines the procedures utilized and observations made during the CERCLA
Expanded Site Inspection conducted in the I & M Canal. Speciﬁc portions of this section contain
information pertaining to the reconnaissance inspection, site representative interviews, and field
sampling procedures. Also included in this section is information about the sediment samples

that were collected and a description of the analytical results.

On October 5, 1999 Mr. Peter Sorensen and Mr. Ted Prescott of the Illinois EPA conducted a
reconnaissance inspection of the I & M Canal. The site reconnaissance included a visual
inspection of the areas of ﬁle canal that were to be investigated to become familiar with the

property, to identify potential sampling locations, and to survey the surrounding land use.

The reconnaissance revealed that the I & M Canal varies greatly in the section that was

investigated between the cities of Lemont and Joliet. In the Lemont area, the canal corridor is



used as a recreational area with a walking path located along the canal. South of Lemont, the
canal runs through industrial properties including two large refineries. The refineries are the
actively operating Citgo plant to the north and the inactive Texaco plant to the south. In the
Lockport area, the canal is again used as a recreational corridor with walking paths along the
canal. South of Lockport the canal flows past a couple of scrapyards and into Joliet. In Joliet the
canal flows past the former cdking plant for US Steel and then past the former US Steel plant and

then into the Des Plaines River.

Much of the canal was found to contain only a couple of feet of water because it has been filled
in extensively with sediment. In most areas this soft sediment is very deep but in the Lockport
area the canal has a rocky bottom and has very little accumulation of sediment. The sediment
from the Citgo plant south to the DesPlaines River (with the exception of the Lockport area) is
dark black with a heavy oily sheen when it is disturbed. In many areas of the canal, including the

areas with heavy contamination, carp were seen swimming.

In October of 1999, Mr. Peter Sorensen of the Illinois EPA held conversations with several
people concerning the upcoming CERCLA smnpling event in the I & M Canal. The purpose of
these discussions were to explain both the CERCLA Expanded Site Inspection process and the
specifics concerning the sampling activities of the upcoming CERCLA sampling event. The
Illinois EPA met with mpresenﬁﬁves of 'fexaco and Citgo at separate meetings. Mr. Ole Axvig

represented Texaco and Mr. Kevin Moss and Mr. Claude Harmon represented Citgo. Meetings



took place with these companies both because they own property along the canal from which
sampling access was needed and because both companies are viewed as potential contributors to

the contaxninaﬁon in the canal. In. addition, Mr. Brett Wiltshire of Unocal-Chicago Carbon

~ Company was contacted to obtain access to the canal from their property just north of the Citgo

property. Mr. Dan Bell of the Illinois Department of Natural Resources and Mr. Steve Jones of
the Village of Lemont were also contacted because they both ov;m portions of the canal area
investigated. Every one of these groups contacted were asked if they wanted to split samples
with the Illinois EPA during the sampling event. Texaco and Citgo decided to do so on samples

which were collected in the I & M Canal alongside their respective properties.

4 SEDIME APLIN

Twenty-six sediﬁlent samples were collected during the 1997 sampling event and twenty
sediment samples were collected during the 1999 sampling event in the I & M Canal. The
samples collected in 1999 were analyzed for the complete Target Compound List (see Appendix
C) while the samples collected in 1997 were just analyzed for the semi-volatiles and inorganics
on the Target Compound List. The sediment samples were collected in the canal from the
Village -of Lemont south to the point where the ] & M Canal.enters the Des Plaines River in
Joliet. In addition, during the 1997 sampling event seven sediment samples were collected from
the Des Plaines River. The purpose of the'sampl‘ing events was to help determine the extent and
possible sources of contamination. The majority of the samples were collected from the top foot
of sediment, but several were collected from deeper in the sediment to help determin.e the depth

of contamination.



3.5 ANALYTICAL RESULTS

This section includes a summary of the analytical results of samples collected during the 199'%
and 1999 CERCLA sampling events conducted in the I & M Canal. Figure 2 shows the locations
of each sediment sample. Table 1 descﬂbes each sediment sample with its location, depth and
physical appearance noted. Table 2 shows a summary of the analytical results from these
samples and Table 3 provides a summary of the key samples. Key samplés are samples in which

contaminants were detected at concentreations at least three times background levels.

The results of the samples are discussed in Sections 5.3 and 5.5 which discusses the surface
water and soil exposure migration pathways. In addition, Table 4 compares the sediment
analytical results to ecotoxilogical benchmarks and Table 5 compares the results to soil screening
bgnchmarks. These also are described in greater detail in Sections 5.3 and 5.5 of this report.

Complete laboratory analytical data for the samples are provided in Appendix H of this report.

As can be seen in the analytical results tables (Tables 2 through 5), the sediment samples
collected downstream of the Citgo Refinery all the way to the confluence of the I & M Canal and
the Des Plaines River are heavily contaminated with numerous contaminants including mainly
volatiles, semi-volatiles and metals. There are areas in the canal \;vhere over the years heavy
sedimentation has ocurred and these are the areas which show the highest levels of of

contamination.



3.6 KEY SAMPLES

Key samples are samples in which contaminants were detected at levels three times or greater
above background. Sediment sample X261 was used as the background sample to compare the
other sediment sample analytical results against. Sample X261 was considered background
because it was collected upstream of the location in the canal where the heavy contamination

begins. The key samples are highlighted in red ink on Table 3.

As can be seen on Table 3, numerous contaminants were found in the I & M Canal sediments
significantly exceeding background levels, including mainly volatiles, semi-volatiles and metals.

These are discussed in greater detail in Sections 5.3 and 5.5 of this report.

4. IDENTIFICATION OF SOURCES

4.1 . D

This section will briéﬂy discuss the hazardous waste source which has been identified in the
initial stages of the CERCLA site investigation. It shbuld be pointed out that the total number -
and nature of the sources at the site may change as the facility progresses through the CERCLA

site assessment process and receives further investigation.

4.2 CONT.
The sediment sampling conducted by the Illinois EPA has shown that a long stretch of the I & M
Canal is heavily contaminated. The area of highest contamination is located from the Citgo Plant

downstream to the confluence of the I & M Canal and the Des Plaines River in Joliet. This is an



approximately ten-mile stretch of the canal.

As mentioned earlier, areas where heavy sedimentation have ocurred in the canal contain the
highest levels of contamination. Based on observations made during the Illinois EPA’s sampling
events in 1997 and 1999, there are a couple of stretches of the canal where heavy sedimentation
have ocul_;red, up to several feet in depth. One stretch is from the background location at sample
X261 in Lemont downstream to sample X230. See Figure 2 for these locations. Downstream of
X230 through the town of Lockport to X226 the canal is not as full of sediments. Portions of this
" area of the canal have had sediment removed from it in the past. From sample X224 downstream
to the Des Plaines River the canal again contains a thick layer of sediment. These areas of thick
sediments contain heavy contamination df mainly volatiles, semi-volé.tiles and metals. Sampling
at various depths in this sediment indicated that heavy contamination exists throughout the

sediment layer.

The land along the I & M Canal is heavily industrialized an‘d has been for a long time. Because
of this there are several potential contributors to the contamination that is now found in the canal.
Since the worst of the contamination appears to be located downstream of the Lexﬁont area,
industries along this part of the canal will be named in this report. The locations of these
facilities can be seen in Figure 2. The worst of the sediment contamination appears to be begin at
the location of the Citgo Plant, a petroleum refinery. Many of the contaminants found in the

. -canal are contmninanté associated with petroleum refineries; including numerous volatiles such

as benzene, toluene and xylene and poly-aromatic hydrocarbons (PAHs).



Approximately two miles downstream of the Citgo Refinery is the property formerly occupied by
another large refinery; the Texaco Refinery located in Lockport. Although the sediment
contamination continues alongside and downstream of the Texaco refinery, the levels of
contamination for most contaminants appear to be just as heavy upstream of the facility. This
indicates that although the Texaco facility may have contributed to the contamination, much of it

may have come from an upstream source.

Approximately two and a half miles downstream of the Texaco property is another facility that
may have contributed to the canal contamination. It is the former U.S.- Steel coking plant which
was used to produce coke for U.S. Steel’s steel production. A byproduct of coke production is
coal tars which contain many PAHs. Many of these contaminants were detected in the sedirﬁents
of the I & M Canal as well as in the Des Plaines River downstream of the former coking facility
at levels mﬁch higher than were detected anywhere upstream. In addition; during a previous
CERCLA investigation conducted at this facility in 1996 (an Expénded Site Inspection
conducted under the name of “Bill’s Excavating™), coal tars were observed on this property along

the I & M Canal.



5. MIGRATION PATHWAYS

5.1 INT |

The CERCLA Site Assessment Program identifies three migration pathways and one exposure
pathway by which hazardous substances may pose a threat to human health and/or the
environment, Consequently, sites are evaluated on their known or potential impact to these four
pathways. The pathways evaluated are groundwater migration, surface water migration, air
migration and soil exposure. The following section discusses these pathways and the site's
impact of potential impact on them and on the various human and environmental targets. These
targets include human populations, fisheries, endangered species, wetlands and other sensitive

environments.

52 te

No groundwater safnples were collected during the 1997 or 1999 sampling event because at this -
time it is not beleived that the contaminants located in the sediments of the canal are a threat to
groundwater. 'fhe contamination appears to be bound in the sediment of the canal uﬁless

disturbed, when it rises into the waters of the canal and flows downstream.

5.3 Surface Water Pathway
. The section of the I & M Canal that was investigated runs from the Village of Lemont

downstream to where the canal enters the Des Plaines River in Joliet.  See Figure 1 for these
locations. The I & M Canal basically runs parallel to the Sanitary and Ship Canal and the Des

Plaines River. From Lemont to the Citgo Plant the canal flows in a southwest direction.
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Downstream from Citgo the canal flows in a southerly direction until it enters the Des Plaines
River in Joliet. The Des Plaines River flows through Joliet and then travels southwest until it

joins the Kankakee River and forms the Illinois River.

During the two Illinois sampling events, forty-six sediment samples were collected from the I &
M Canal. The sedirﬂent samples collected duriné the sampling events were compared to
écological benchmarks to help determine whether the I & M Canal has been impacted. Two
sources of benchmarks were used for this comparison: Ontario sediment quality guidelines and
US EPA ecotox thresholds. Ontario sediment qualit_y guidelines are non-regulatory ecological
benchmark values that serve as indicators of potential aquatic impacts. Levels of contaminants
below Ontario benchmarks indicate a level of pollution which has no effect on the majority of the
sediment-dwelling organisms. Contaminants for which no Ontario benchmarks were available
were compared to US EPA ecotox thresholds. Ecotox thresholds are ecological benchmarks
above which there is sufficient concern régarding adverse ecological effects to warrant further
site investigation. Ecotox thresholds are to be used for screening purposes and are not regulatory
criteria, site-specific cleanup standards or remediation goals. The analytical results from the
sediment samples are compared to these benchmarks on Table 4 with the ones exceeding the

benchmarks printed in red ink.

As can be seen in Table 4, sediment in much of the canal from Lemont to Joliet greatly exceed
ecological benchmarks for numerous volatiles, semi-volatiles, pesticides and metals. It should

also be noted that during the sampling event, blue herons and other water birds that utilize the

11



canal as a fish supply were observed along the canal. Sens Env info from DNR here...

In addition to ecological concerns, the I '& M Canal is used for fishing by people from the area.
According to an employee at the I & M Canal museum located in Lockport , there are areas of the
canal in Lockport which are used as fishing areas.. In addition, during the Illinois EPA sampling
event in November, 1999, signs of people fishing such as fishing line and bobbers were found
along several areas of the canal. No fish studies have been conducted to determine whether fish

. in the canal have taken up contamination from the contaminated sediments and V.vould pose a

threat to humans or animals that may eat the fish.

5.4 _Air Pathway

The contaminated sediment of the I & M Canal is covered by the water of the canal. Because of
this and the fact that there have been no documented complaints concerning air problems, it is

unlikely that contaminants in the sediment would be of concern for the air pathway.

5.5 Soil Ex

As mentioned earlier, much of the I & M Canal which was investigated was highly conta:ﬁinatcd.
Exposure of the pﬁblic to this sediment is limited because the sediment is covered by the waters
.éf the canal. However, portions of the canal are used by the public as r'ecreational. areas.

Portions of the canal have walking trails alongéide the canal and thus increase the number of
people using the canal as a recreational area. Because of this recreaﬁonﬂ use, it is likely that

people may occasionally be exposed to the contaminated sediments when they enter the canal,

12



This would be especially likely for children because they would be the the ones most likely to

enter the water in the canal.

Because of this potential exposure, the analytical results from the sedime‘nts were compared to
human health based benchmarks contained in the Superfund Data Chemical Matrix (SCDM). It
should be pointed out that comparison to these benchmarks may not be entirely appropriate since
these benchmarks were formulated to be used for residential soils and not sediments. However,
they can be used for a comparison to give an idea of the levels of contamination in the canal
compared to human health based benchmarks. It should also be pointed out that for many
contaminants found in the canal there are no benchmarks comparison values found in SCDM,

thus, no comparison can be made.

As can be seen in Table 5, much of the sediment in the canal exceeds the soil exposure
benchmarks for one contaminant, benzo (a) pyrene. Many of these areas greatly exceed the
benchmarks for benzo (a) pyrene as the SCDM benchmark for residential soil exposure to benzo
_(a) pyrene is 80 parts per billion and the sediment in the canal was found to contain levels up to
1 80,000 parts per billion. These results will be further reviewed by the Illinois Department of
Public Health to more adequately determine potential human health hazards of these

contaminated sediments.

13
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‘Acsnaphthens 20000 U 0000 J. 17000 110000 5800 270000 10000 J 190000 30000 16000 10000 J 1800 J 720 J 7500 J 11000 2700 J 5000 J 4400 J 3500 J 8500 16000 910 J 60 J 61 J w J 1100 J 3500 J 5000 J 13000 8500 J 12000 J 11000 J 20000 J 23000 U 6400 J 23000 J 16000 J 19000 U 19000 U 14000 U 21000 U 168000 U
Ditanzofuran 20000 U 4600 J 2000 J 27000 J 2300 J 120000 110000 0300 J 4000 J € 2000 J 1100 J 1o J 2800 J 8300 Jit00 J 7000 9800 J 2%00 J 22000 J 15000 23000 U 0000 J 24000 J 6000 J 19000 U 19000 U 14000 U 21000 U 18000 U
Fioiene 20000 U 10000 J 11000 100000 2500 J 220000 8300 J 240000 35000 17000 11000 1800 J 1000 J €800 J 11000 2000 J 4100 J 4700 J 3300 J 7800 10000 LIT I 200 J 1500 J 5600 J €200 J 1100 J 8000 7%0 J 20000 J 26000 J 27000 J 40 J 8200 J 30000 J 16000 J 10000 U 19000 U 370 J 21000 VU 18000 U
Phenanthrane 610 J 60000 75000 D 280000 5000 900000 D 150 64000 1200000 D 210000 D 110000 D 89000 8700 4300 49000 D 94000 D 13000 34000 1600 J 24000 41000 D 100000 D 1100 J 420 J 10 J 1900 (1] J 2800 J 410 J 3300 J 630 J 1700 J 23000 47000 e300 J 180000 38000 100000 83000 140000 52000 3000 J 34000 140000 76000 2100 J 1500 J 11000 J 21000 U 18000 U830 J
Anthiucens 20000 WU 13000 J 27000 200000 2200 J 220000 14000 J 190000 63000 35000 21000 5400 1200 J 12000 26000 3800 J 10000 J 9000 6700 J 19000 21000 2100 J 200 U 1% J M0 4 10 J 430 J 2000 J . 4400 J 6500 J 1ro00 0800 J 12000 J 12000 J 21000 J 23000 U S100 J 24000 J 13000 J 19000 U 18000 U 580 J 21000 U 18000 U
Carbiizole 20000 W) 130000 "y s J 8000 33000 U 27000 U 33000 U 28000 U 23000 U 20000 U 64000 U 21000 U 19000 UJ 19000 UJ 1200 J 21000 W 18000 W
Di-n-Butyphthaite 3800 JB % B 4000 JB 2700 JB 1500 JB 1400 JB 20 B 170 JB 66 JB2S0 JBS540 B 310 B %40 JB 1100 JB | W Jb
Fluornthens 2200 J 37000 45000 D 460000 21000 610000 D 170 J 34000 680000 200000 D 84000 D 43000 48000 D 4300 32000 27000 D 11000 48000 23000 28000 120000 D 100000 D 11000 1200 1400 3000 180 J 210 J 1700 J 1400 4500 J 2700 J 6800 8300 J 9700 J (1800, J 48000 11000 J 14000 J 11000 J 31000 10000 4000 J S000 J 27000 J 500 J 630 J 520 J 2000 J 470 4 30 J2700
Pyrene 1400 J 32000 75000 D 300000 16000 240000 380 J 46000 380000 68000 55000 D 60000 16000 3000 61000 39000 D 14000 48000 14000 15000 J 31000 57000 D 12000 [ T80 1000 M0 J 170 J 2000 J 740 4300 J €000 12000 14000 J 23000 2600 J dsboo 47000 27000 20000 J 56000 10000 4100 J 12000 J 49000 J 34000 2000 J 2000 J 14000 J 1100 J 380  J 1400
Benm(a)enthracene 20000 WJ 25000 42000 210000 8000 J 180000 00 4 16000 J 220000 689000 D 65000 28000 10000 1400 19000 5600 29000 9400 11000 J 37000 3900 J 080 380 J 600 ] J 1300 J 440 J 2000 J 1800 J 2700 J 5300 J 8700 J 1800 J 19000 9600 J 8400 J 6800 J 14000 JS5700 J 1500 J 2800 J 12000 J G700 J 1300 J 1000 J 25000 21000 U 18000 US80 J
Chrysens 20000 UJ 32000 42000 250000 7500 220000 340 J 16000 J 230000 72000 D 73000 28000 17000 1400 J 22000 5800 28000 12000 12000 J 44000 34000 7000 880 40 110 o5 J 1800 J 530 5 1900 J 2800 J 4500 J €300 J 16000 2700 J 41000 19000 J 18000 J 11000 J 23000 J 7900 2100 J S600 J 18000 J 9500 J 5300 J 3400 J 27000 21000 U 18000 U9 J
bis(2:EthyhexyDphthaiate | 20000 W 1800 J 0 4 38000 - 330 J 2 J 1200 J 150 I 3100 J 5200 J {1500 J 45000 33000 U 30000 20000 J 20000 J 20000 23000 U 20000 U 64000 U 21000 U 19000 U 19000 U 14000 U 21000 U 18000 UGEO J
Benm{tifioranthene 20000 UJ 20000 15000 170000 6000 140000 200 J 7400 J 180000 58000 D 34000 10000 J 14000 680 J 7000 J 15000 2300 J 11000 6400 10000 J 38000 22000 4100 J 700 380 J 840 [ J 530 J 230 J 1500 J 3000 J s000 Jl1so0 x s700 4800 J 4900 J 3900 J 9200 J1900 J 3200 J 1600 J 6800 J 2600 J 19000 U 19000 U 6300 J 21000 U 18000 UGN J
Benin{k}aoranthens 20000 UJ 20000 24000 140000 5300 87000 130 J 13000 J 110000 41000 DJ 37000 14000 11000 950 J 7500 J 16000 3300 J 15000 4800 J 7200 J 30000 20000 3300 J4 750 280 J 480 [} J 570 4 670 3 s U 1700 4420 J dooo 930 J 1800 J 940 J 2300 J1500 J 760 J 420 J 1400 J 740 J 18000 U 19000 U 1000 J 21000 U 18000 US00 J
Benao(a)pyrane 20000 UJ 23000 32000 180000 5700 110000 220 J 18000 J 130000 54000 D 48000 22000 13000 940 J 18000 30000 4400 J 23000 5400 J 11000 J 32000 41000 000 4 850 230 J 540 [1] J 990 J ST0 J 1400 J 1800 J 1400 J 5100 J 7000 J 1400 4 8100 100 J 4700 J 3300 J 8300 J2800 J 1800 J 1500 J 5800 J 2800 J 1400 J €30 J 7400 J 21000 U 10000 U8 J
Indena(1,2,3-cd)pyrens 20000 UJ 14000 J 8500 120000 3400 J 74000 1 J 8200 J 83000 J 20000 22000 7800 J 8500 480 J 9000 10000 2200 J 10000 J 2400 4 10000 15000 S0 J 170 J 00 I L] J 380 J 070 J 1500 J 3300 J t100 4 2200 2000 J 1700 J 1300 J 3600 J 1800 J 20000 U 64000 U 890 J 19000 U 19000 U 2600 J 21000 U 18000 USE0 J
Dibenzi(s, b)snihracene 20000 WJS300 J 2200 J 41000 J 1200 J 34000 J o1 J 38000 J 16000 9200 J 3200 J 00 J S000 J 820 J 300 J 88D J 700 J 00 J 200 J 400 J 18000 33000 U 27000 U 33000 U 28000 U 23000 U 20000 U 64000 U 21000 U 19000 U 19000 U 3100 J 21000 U 18000 U
Benzo(g,h.Dperylene 20000 ULJ 13000 J 8100 100000 2400 J SS000 J 190 J 11000 J 61000 J 20000 14000 7100 J 6300 8500 J 0400 J 2500 J 9500 J 2800 J 7900 15000 %0 J s J [ J 350 J 840 J 0 4 6200 4 2100 J #8100 6400 J 3000 J 2300 J 6800 J 1800 J 20000 U 64000 U 1600 J 10000 U 19000 U 4800 J 21000 U 18000 U
Pesticides/PCBs :
aiphe-BHC 33 v 25 U 20 v 27 W 27 U 28U 28 U 47 U 10 J 4 UV ST U 4& v 40 U 49 R 36 R 38 U 33 U 075 J 057 J 36 U 31 u
beie-BHC 33 v 024 J 20 U 27 L 16 4 310 om 4 80 J 67 U 4 U ST U a1 U 40 U 37 J 36 R 38 U 33 U 32 U 23 U 38 U 3 U
deltn-BHC a3 v 025 4 20U 27 UL 27 U 28U 28 U 57 4 87 U 74 J T0 3 1 J 40 U 4% R 38 R 3 U 33 U 13 J 23 U 36 U 1}
gumme-BHC (Lindane) 3 v 25 R 20 U 27 LW 27 U 25U 28U 4T U 57 U 4 U 5 U 47 v 40 U 18 J 28 J 40 J 33 U 32 U 23 U 38 U 31 U
Hoptachios 3 v 25 R 20 U 27 L 27 U 25 U 28 U AT 23 J 4 U 87 U 4 v 40 U 40 R 36 R 38 U 33 U 32 U 23 U 38 U 31 u
Aitrin - i v 25 R 20 U 27 L 27 U 184 286U, M0 7" J 4 U 85 U 200 40 U 490 R 36 R 72 J 33 U 32 U 23 U 36 U 31 1}
Heplachior epoxide 3 v 25 U 20 U 22J 27 U 28U 28 VU. A7 U 8.7 U 46 U ST U 4 U 0 U m” J 2 J 20 J 33 U 32 U 23 U 38 U 31 [T}
Endosutan | LE I 25 U 0070 J 11J 11 4 25U 208U 47 U 24 J 4 U s u e 038 J 49 R 38 R %6 U 33U 32 U 23 VU 38 U u
nu'm- s U [KI] ss v 48 3 44 J 80 J 35 J° 100 J 11 U 10 J o8 J 92 v 17 U 84 R TO R 28 J 15 J 62 U 45 U 70 u 1 U
4,4-DDE 27 )] 068 J 0J 15 n % ' gy 11 U 20 J 200 J @2 U 22 J S J 70 R 1 J 4 U 17 J 1T 4 47 321 J
Endrin 65 U 254 38 u “a o0 J [0) 09 2 u 70 10 J 10 J 92 U 19 J 94 R M J 12 64 U 214 25 J 0 J a8 J
nll &5 U (X ] s U 52 W 75 4 84 68 F 140 " u 10 150 220 J 1.8 b5 3 1 J 10 v 64 U 82 U 22 J 30 J 80 U
D 13 04 14 89 4 52 J 449 223 . 580 1 U 20 J 250 2 v 18 4 T8 J W J 82 J 64 U 62 U 15 J 23 J 12
] sullste a5 v “wu s u S52 L 52 U 48 U 81 UV i 2 v 1 u 8 U 110 U 92 U 77T U 94 R 03 J 70 U 84 U 62 U 45 U 70 [T X u
4.4-0DT 22 10 J 021 J 169 18 J 1739 14 22 u 13 2 J n J ® U 77 U 41 3 7 aB 64 U 02 v a5 U 10 J e v
X d n v 35 v 20 U 27U 277 U BU WU 170 57 U 40 U 570 U 470 U 0 U & U 38 R 12 J 3 U 2 U e J 38 u u
Endrin ketone 85 U 18 J o4 I 52 W 23 Jo8t 4 S1 U 28y [X] J 24 3 2% J ®m v 08 J 83 J 15 J 10 J 84 U 62 U 45 U 70 U 60 U
Endrin aklehyde s U T T] 38 U s2 U 17 J WuyU ST U M 11 u 8 U 10 U 48 3 77 U B4 R TO R 70 u ed4 U 82 U 075 J 70 U 8o v
gemma-Chiordsne 20 4 15 4 018 J 18J 085 J 25U S8J ' 4 u 5.7 U 44 U 5T U 4 U 40 U 49 R 36 R 38 U 64 U 62 U 18 J 11 4 LX)
Aroclor-1242 5 u 3700 J B U §2 W 52 U 44U ST U 0 U 110 U 880 U 1100 U 920 U 7 U ™M R 70 R 70 U e U 62 vV 48 U T u 6o 1]
Arocior-1248 65 v “w v L] 52 W 52 VU 4 Ul 30 820 U 110 U 80 U 1100 U 920 U T U %4 R 70 R 70 U &8 U 62 U 4 U T U ‘e 1]
[tnorganics ’
Ausminum 9800 6060 8470 1380 1420 3540 4100 1270 o740 9980 w10 7380 3200 o730 0430 8200 8050 7440 7680 11400 9140 11100 6540 8580 4130 aro 4740 2610 14400 0540 70 4110 6250 ar10 11400 8400 11300 11100 19700 15300 12800 12200 1210 12600 15200 9550 8300 9840 8700 11300 11200 . 3640
Aniierony 12t W LE R 100 J 104 W o8 W M8 J 158 W 109 UL 201 U 388 J 198 J 107 J 202 4 129 W 191 U 149 W 141 W 13 W 14 128 W
Arsenic 89 J 249 2.1 23 B 36 B 154 21 B 141 B 223 278 e B 189 8.1 [X] 83 o7 88 13 25 30.1 68 8 102 1] 0.4 11 8 20 27 [ 3 140 64 01 78 1937 1.9 [T LX) 15.5 112 185 10.1 284 204 82 04 184 J 128 & 103 14 (X} (2} 7.7 147
Barkm 726 24 17 7 B2 B 69.7 A 15 108 23 178 104 522 B e84 o7 [1A] 8 150 9.4 321 s i) 111 1] 158 633 “s 8 514 191 e 633 S35 B T "7 625 o640 200 (K] 249 288 %7 380 70.0 380 159 138 8.3 o7.1 7.7 0.7 70 494 B
Beryllum 063 J 08 B oSS B 03 B 0435 B 057 BOS7T B 008 B 0739 BO71 BO42 B 055 B 075 D069 B OV 8077 Bo08y BO87 BOS2 BOS4 BOT4 B 072 B 05 B 048 B OS1 B 03 B 22 060 B 034 J0O8 B 061 B 074 J 080 J 087 J 15 J 087 J 17 3 18 J 18J15 B 088 J 13 9 124 088 ) 080 J 092 J 081 J 12 J 084 J 04 B
Cadmbum 16 419 4s EX] 2 [ T 24 2 34 a4 27 3 24 12 63 53 58 23 11 [X] 0es U 21 25 70 15 0.88 614 . 459 51.8 75 911 14 683 63 1038 1.4 12 U 1.7 12 17
Cakim §7000 82000 35200 39000 67000 55200 80100 38700 35400 39800 33900 27100 38800 26100 30800 31900 20800 43400 12100 26600 238000 36800 20000 17000 123000 144000 51100 101000 70400 78700 113000 82000 38200 51200 54300 | 73200 60800 83000 48400 45700 50400 51600 104000 €9400 45600 76700 75000 69100 78800 07100 81100  1E+05
Chromium 46 1 621 210 168 a4 27 " 108 16 o7 385 25 2 229 2208 195 5.1 174 28 253 06 50.2 a7 14 10.8 1 8.8 178 5 00 634 o1.8 12 204 250 534 879 o B80S 738 608 (1] 581 780 142 258 259 303 287 N7 14
Cobet 128 112 B 104 B 35 85 8 o3 B & B 04 B 1 B 113 B 11 B102 Ber B 103 B 0 B 84 B81 B8S B 85 B 108 8102 B 102 B79 8 83 B 3 B 29 B ee B 81 B 79 78 B 30 77 B 19 B 70 1.0 8.7 190 [T 10.5 189 %4 181 B 79 158 121 1.0 10.0 82 08 104 89 45 B
Copper . 378 163 27 9.4 121 479 21 182 247 152 06.14 142 .9 5.5 708 536 188 375 375 w7 105 14 [1R] 48 9.7 21 . 181 148 13 34 586 o7 1680 94 330 429 s 402 419 938 007 40.1 1880 187 203 396 280 42 “ae 450 284
Iron 22000 24100 40500 7080 . 23600 14800 12300 25700 30000 38300 46900 72300 38700 23200 20700 20100 18500 32700 21300 26200 25700 30000 16800 20300 14600 20300 11400 25200 21100 37400 8750 19500 19800 19200 21000 | 14200 32000 22000 22200 30500 32300 30400 17500 31200 20200 21700 22200 18700 18800 23100 20100 11900
Lead 128 035 352 60 3.2 5600 120 m 302 298 241 168 123 140 70.2 027 102 202 554 628 025 245 -] 150 318 154 913 20 735 95 418 J 107 388 031 m2 283 6310 780 2080 2070 3850 5070 127 3340 1040 810 J 389 u3 120 188 957 548
Magneshm 22400 45000 19400 21200 37%00 31000 27200 20400 10300 21200 18400 15000 18000 14900 17600 18000 15000 24100 . 7180 14300 18000 20400 11300 9500 70800 74100 29900 54000 21000 35000 02100 31800 15000 25800 28400 [38100 23400 20000 20200 10800 18300 17300 25800 18400 13200 20500 23300 22100 36800 ° 32100 - 24300 71100
Manganese 402 J4 370 389 152 282 239 01 370 as? a1 40 504 55 305 43 408 E11 351 131 w2 - ) 388 202 - a2 784 200 807 82 J 514 71 J 254 247 02 J a4 4| Wy eI E7: ] 22 J s28 J. 320 J M “3 3 375 J M1 38 J 400 J a0 J 92 4 42 3 418 J 818
Mercury 020 J & 6.7 0.18 1.1 0.27 33 (%] [X] 5.7 a4 0.52 11 1.8 28 0.00 33 28 58 127 28 12 0.33 063 0.48 0.12 10 J 038 0.070 § 1.4 0.54 43 J 1.7 4] 059 & 223 1.1 9 20 J 19 J a7 J 29 020 J 344 w 129 o042 J o114 028 154 013 J 02
Nickel 264 100 28 288 7 %1 169 250 272 318 24 182 148 247 28 243 248 266 118 81.2 480 318 » 30.4 12 85 157 13.2 X X 66 U384 319 593 72 13 221 "4 218 as7 208 238 209 184 3.1 478 28.7 234 34.2 314 285 143
Potasstum 1400 988 B 1700 B 40 B 520 B 1070 B 1670 B 1050 B 1100 B 827 B 1550 B 1270 .B 933 B 1130 B 1410 B 788 B 1800 B 1200 B 1500 B 753 B 1240 B 658 B 387 BT B4as4a B 170 o948 B 48 80 B 815 B 1380 2550 680 1030 1920 4470 3010 1880 2070 B 1280 1850 2310 1410 1810 210 1760 2570 2380 %7 B
Salenium 0 W : 063 J 14 W 03t J 018 W 010 W 31 J 021 W 18 4 26 J 14 J 058 J 14 3 23 W 088 J o001 J 027 W 050 J 020 W 035 J
Siver 1.7 U 108 4 B 33 B A7 03 24 B 2 B 10 B21 8 28 8 20 B 01 "y 29 B 19 8 18 B 15 U2 B 10 Uie B 14 U 14 U 14U 83 15 U (%} 09 160 177 21 U 113 17 U 18U 21V 19 U 18 U 15 U 18 UiS B
Sodum 372 480 B a4 B 21 B 220 B 327 B 352 B 328 B 303 B 35 B 39 B 38 233 B 267 B 251 B 256 B 208 B 232 B 290 B2s5 B 38 B 202 B 229 B %2 B o682 B 37 B 26 B 273 B 408 284 B 30 202 B 38 B 205 205 170 3 433 202 J 595 621 759 516 B 48 551 337 450 300 J 333 233 J 238 J 258 )32 B
Thallem eM U 12 B ) 055 B 088 B 043 B 034 B : 030 8 08 Bo72 B 029 B 02